ABSTRACT: Aedes aegypti mosquitoes are highly adaptable to abiotic stimuli. To evaluate the influence of shading and pedestrian traffic on the preference of Ae. aegypti for oviposition microenvironments, 20 sites were sampled weekly using ovitraps within the perimeter of Universidade Federal do Espírito Santo, located in São Mateus, Espírito Santo, Brazil. A spatial and statistical analysis was performed in order to assess the relationship between shading time, pedestrian traffic, and the presence of biological forms of Ae. aegypti. A temporal analysis of temperature and precipitation influence on oviposition was also made. Between June, 2013 and June, 2014, 7,362 Ae. aegypti eggs were collected. Over a 12-month period, we made weekly collections of Ae. aegypti eggs from ovitraps. Pedestrian traffic and shading time influenced the number of positive ovitraps; precipitation and temperature were correlated with the number of positive ovitraps (p <0.05). We conclude that the influence of temperature and precipitation was not significant for the oviposition index, and the frequency of oviposition was directly proportional to the number of individuals moving close to the traps during periods of greater shading. Journal of Vector Ecology 42 (1): 155-160. 2017.
INTRODUCTION
Aedes aegypti is a primary vector of dengue virus, along with other arboviruses, such as chikungunya and Zika, that have been disseminated worldwide. Its capacity for transmission is due to its rapid adaptation to different environmental contexts. This plasticity is essential for initiating epidemics of major demographic magnitudes, especially in tropical regions (Costa et al. 2010 , Brasil et al. 2015 . In this context, deforestation and urbanization stimulate the synanthropy of Ae. aegypti by facilitating flight, giving insects the opportunity to reach more distant locations. Such events result in more available blood meal sources and increase the possibilities of expansion for oviposition due to the abundant presence of artificial habitats (Tauil 2001, Santos-Neto and Lozovei 2008) , factors that contribute to make Ae. aegypti an effective agent in arbovirus transmission.
Moreover, the relationship of insect biology to abiotic environmental factors makes it possible to understand population dynamics with the intention of improving vector control, and consequently, the control of transmitted diseases. Abiotic factors, such as temperature, relative humidity, precipitation, anthropophilia, and synanthropy, are directly related to the oviposition frequency of Ae. aegypti. There are also several studies related to insect behavior and environmental factors (Glasser and Gomes. 2002 , Serpa et al. 2006 , Costa et al. 2010 , Serpa et al. 2013 , Krajacich et al. 2014 . However, these studies were conducted in large territorial extensions, resulting in many variables to be analyzed. Consequently, some questions are not properly answered for understanding the epidemiological dynamics in which this mosquito is involved. In fact, there are no large and permanent control measures of this vector. Thus, the notification of suspected cases, the investigation of the suspected infection site, and the active search for cases are essential elements for controlling the extent of transmission.
This study aimed to evaluate the oviposition frequency of Ae. aegypti on different campus sites at Centro Universitário Norte do Espírito Santo, Universidade Federal do Espírito Santo in São Mateus (CEUNES/UFES), Brazil, correlating pedestrian traffic in the perimeter near the traps and the daily shading period in these places, to try to more precisely address the behavior of this important arbovirus vector.
MATERIALS AND METHODS
This study was conducted at CEUNES/UFES (18°40´31.5˝S; 39°51´40.7˝W), from June, 2013 to June, 2014. The climate conditions of this site are mainly hot and humid with annual temperatures ranging from 22.2° C to 29.0° C and humidity ranging from 71.2% to 96.5% (Inmet 2014) . The region has a rainy season from September to March and a dry season from April to August. In addition, it includes areas of uninhabited forest and a zone under construction at 37.7 m sea level (Figure 1 ).
Twenty sites with suitable conditions (preferably shaded locations) for the development of Ae. aegypti were selected within an area of 500 m² at CEUNES/UFES, to set vector traps ( Figure  2 ). Oviposition traps (ovitraps) (Fay and Eliason 1966) were used as a collection method. The ovitrap (9 cm in diameter x 13 cm in height on the smaller base and 15 cm in diameter on the larger base) consisted of a black container with about 320 ml of water associated with hay infusion (Panium maximum) and containing a hardboard paddle used for the deposition of insect eggs. There was a side hole 5 cm from the smaller base for excess liquid flow. The ovitraps were set 80 cm from the ground, preferably in shaded places, at the twenty points selected within the perimeter of CEUNES/UFES.
After the ovitraps were set and the location was determined by GPS, the eggs were collected in their respective hardboard paddle every seven days. The ovitraps were immediately washed, a new hardboard paddle was placed, and the collected eggs were transported to the Parasitology Laboratory of CEUNES/UFES for larvae hatching. After hatching, the larvae were fed fish meal (Gama et al. 2005, Roque and Eiras 2008) , and when they reached 4 th instar, they were collected and maintained in 80% alcohol for later analysis of their morphological structures and species identification.
Climatic data
Data on temperature, humidity, and rainfall were collected at the National Institute of Meteorology (INMET) from a weather station installed at CEUNES/UFES, where the study was conducted.
Pedestrian traffic
To obtain information on pedestrian traffic, an "online questionnaire was administered" to 227 volunteer participants, whose purpose was to analyze the preferential pathways of the people in CEUNES/UFES. The respondents addressed the flow frequency in those sectors during the study period, answering the questions: "Do not use", "Use rarely, " "Use on average, " "Use frequently, " and "Use daily. " For each item, there was a value proportional to the flow frequency. At the end of the study, this value was multiplied by the number of times the question was marked for statistical analysis.
Positivity ovitrap index
The positivity ovitrap index (POI) represents the ratio between the number of positive traps for the genus Aedes and the total number of traps per month (Miyazaki et al. 2009 ).
Shading
Traps placed in locations near the buildings were shaded for a considerable part of the day. To calculate the shading time of each trap, the height of the walls next to the traps was measured and the sun position in the course of 24 h was examined. The software Autodesk Revit 2015, specifically built for Building Information Modeling (BIM), was used to simulate shading behavior.
Statistical analysis
We calculated the probability of occurrence of an event from a dichotomous variable (IBM SPSS Statistics 22.0), used for Binary Logistic Regression analysis. Therefore, considering the total number of traps set during the study, the presence or absence of eggs was considered in order to relate to pedestrian traffic and shading. For the analysis of the influence of temperature and precipitation on the POI, relative to 48 weeks of collection, the normality test (Shapiro-Wilk) and the Spearman Correlation were used.
Spatial analysis
The spatial analysis tool Kernel Density Estimator (KDE), ArcGIS 10.1 (Regis et al. 2014 ) was used to visualize the different positive densities for Ae. aegypti eggs. In addition, a map was generated from the values obtained in the questionnaire on pedestrian traffic and shading time percentages. The KDE function is based on the quartic kernel (K) function described in Silverman (1986) . For this experiment, "u" represents the location of the events and "d" is the distance between all "u"; the radius (τ) was 80 m.
A statistical model was developed for a better understanding of spatial analysis. KDE values of each collection point represented by positivity, pedestrian traffic, shading, and average values of pedestrian traffic and shading were standardized between values 0 and 1. Thus, the closer to zero that the result of the subtraction of positivity was by pedestrian traffic, shading, and average, the more related the factors.
RESULTS
During the study period, 7,362 4 th instar (L4) Ae. aegypti larvae were obtained, created from the eggs collected in the field and from 13.85% (118/852) positive traps ( The values obtained for temperature and precipitation showed a non-parametric behavior in relation to the POI. Thus, the Spearman Correlation test was carried out, resulting in a weak positive correlation for temperature (r = 0.377, p = 0.004) and a negligible positive correlation for rain (r = 0.262, p = 0.036).
In each ovitrap, a heterogeneous positivity distribution per trap was observed, even under the same weather conditions ( Figure 3A) . The need to find an answer for the difference in the rates of each trap became a Binary Logistic Regression analysis for the presence or absence of eggs in the ovitraps in relation to pedestrian traffic and shading time. The significance was 0.032 and 0.01, respectively, demonstrating the validity of the proposed relations ( Figure 3B) .
Based on the significance of the statistical test, the KDE values of each trap were calculated to ascertain the existence of a relation between positivity and values of shading and pedestrian traffic. Only traps 3, 8, 12, and 17 obtained values close to 0 in all analyzed items. Likewise, such ovitraps obtained a higher positivity number than the other ovitraps (Figure 4 ).
DISCUSSION
The building of CEUNES/UFES and the change in landscape in the last ten years due to deforestation can contribute to the occurrence of synanthropic vectors, such as Ae. aegypti. Moura et al (2014) observed that the mosquito proliferation index in Rio de Janeiro increased where there was deforestation, given their dispersion capacity in urban areas. The same phenomenon was possibly observed on the University campus in São Mateus, since a large number of Ae. aegypti eggs was found during the study period.
In studies conducted at the Universidade Federal de Mato Grosso, Brazil (Miyazaki et al. 2009 ), it was observed that building gutters and water collectors in air conditioners are important sites for insect oviposition, which is reflected in the conditions observed on the São Mateus campus, in the process of expansion and urbanization. This scenario was also observed by Serpa et al. (2013) , who recorded that the expansion process in São Sebastião (SP), Brazil, led to an increase in the prevalence of Ae. aegypti due to the production and maintenance of artificial habitats resulting from urbanization. In addition, Tun-Lin et al. (1995) found that dirty and disordered sites have 2½ times greater vector infestations than clean places. There is a great amount of garbage on the CEUNES/UFES campus due to the building and remodeling of University buildings.
On the other hand, it is important to note that temperature, humidity, and rainfall are factors that directly interfere with the development of Ae. aegypti. Tun-Lin et al. (2000), Costa et al. (2010) , and Chaves et al. (2014) found that small variations in temperature affect vector development, as temperatures between 25° C and 35° C favor the increase in the number of eggs laid, insect survival, and shortened developmental time, thus leading to an increase in the number of foci. Costa et al. (2010) also found that the ideal humidity for vector development is approximately 80% and Mogi et al. (1988) and Miyazaki et al (2009) reported that rain is a key meteorological variable for regulating vector populations that use peridomestic habitats.
The ovitraps used in São Mateus were exposed to similar weather conditions, since the São Mateus campus is not territorially extensive in its urban perimeter (Inmet 2014) . Considering the ability of Ae. aegypti to disperse in urban areas at distances ranging from 60 to 300 m (Maciel-de-Freitas et al. 2007 , Honório et al. 2009 ), which would easily cover the urban land area occupied by the university in São Mateus, it is possible to imagine that the variation in oviposition frequency in the traps was probably influenced by other factors, such as pedestrian traffic in different locations of the university, besides shading period. In Australia, Tun-Lin et al. (1995) showed that Ae. aegypti preferred shaded environments and that these sites had a significant prevalence of oviposition; however, if not for the constant pedestrian traffic, they would not be so attractive. In this context, not only is the presence of Ae. aegypti on the São Mateus campus attributed to shading sites, but also to its high anthropophily and synanthropy, as reported by Serpa et al. (2013) .
According to the model proposed in this study, in São Mateus, traps 3, 8, 12, and 17 showed a stronger positive correlation for Ae aegypti. It is important to emphasize that they had common characteristics, that is, they were close to the buildings where pedestrian traffic in the university is higher. Thus, these microenvironments ensured a proximity to the people who circulated through the campus, as well as shade for most of the day. In addition, and considering that Ae. aegypti has an olfactory system that allows the identification of CO 2 concentrations, body heat, water vapor, and other substances released by the hosts (Takken and Kline 1989, Krajacich et al. 2014) , the highest pedestrian traffic in specific parts of the university contributed to the concentration of attractive substances in the air. Consequently, vector population was increased at these sites.
Feeding, facilitated by the human presence on the university campus, stimulated oviposition of the insect that used ovitraps for this purpose. This phenomenon can be verified in the mathematical model presented in this study, since there is a strong correlation between positive traps and pedestrian traffic. It can also be inferred that there is a relatively strong interaction between the positive ovitraps and shading, as highlighted by Vezzani et al. (2001) in a study carried out in Argentina. They found that the vector prefers ovipositing in shaded containers 2.3 times greater than in containers exposed to the sun.
The factors of pedestrian traffic and shading only had an impact on positive traps when their indices were equally lower than 0.1. This fact points to a relationship of interdependence, that is, it was only possible to obtain a high positivity when both factors occurred intensely and frequently.
Finally, considering the worrying situation regarding the large number of individuals affected by arboviruses in Brazil, especially in the northeastern region, which is widely reported in the national press, understanding vector behavior can contribute to the definition of government strategies that seek to ensure a better quality of life for the population.
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